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Blowing Agent Status - Phase Out of CFC and Growth Predictions for Blowing Agents

Predicted Rise in Blowing Agent Use in Rigid Foams - post 2000
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HCFC — Major Volume for Replacement > Developing Countries

Total Foam - Technology comparisons for selected regions as at 2005

100%

0% + —

230% —

70% —

% B0% | B Total Other
" M Totsl HFC
x 50% R L BTotal HC

e @ Totsl HOFC
E 409 +— — HTotal CFC
b=

20% —

\
20% A \

v
0707
v

77

0%

" W2z

[ A & - a3 ) )
o & .-l&ﬁ\ {:.nb & o al 2 & S &
& & $ & & &£ o F e
3 -ﬁ? 5 &< &F & S
":li:‘ @-&& 1&_{3 G_—):P ﬁc&b "\..rlb
\&Q &
2
"\?S‘
Region

Source — TEAP Report 2006

Montreal, April 5-6, 2008



HCFC — Major Volume for Replacement - Developing Countries

Total Foams - Breakdown of Blowing Agent by Type & Region (2005)

(Total ~360,000 tonnes)
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Bl. Agent Consumption
FLU -Breakdown - Technologies
Dom. Appliances 61500

Board Stock 55050
Fanels 36900
Spray 17600
Commercial Appl 9125
Fipe 8625
Feefers Containers 4925
One K 4625
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Blowing Agent Consumption - Breakdown per Foam Type
Total ~ 360.000 tonnes
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HCFC — Major Volume for Replacement - Developing Countries

130

Simulaton of HCFC Phase-Out In Developing Countries
Original and New Agreement of Montreal Protocol
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Driving Forces in PU Rigid Foams for Appliances Energy Environment Cost
Low K = BI. Agents
Vacuum Panels
Compressor Efficiency
Design
Multi-injections
Wall Thickness
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Energy
Efficiency
Montreal Protocol \ p Low Density
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Blowing Agents History in PU Rigid Foams Technology for Appliances
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Energy Eficiency and Marketing Need: Refrigerator’s energy classes 1992 — 2005 (CECED)
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Challenges of HCFC Replacement > Right Choice of Blowing A

Physical and

Fluorinated Blowing Agents

Environmental Properties of Blowing Agents

How to address
Energy Efficiency
Environment & Regulations
and Costs ?

CFC-11 CFC-12 HCFC-22 HCFC-142b | HCFC-141b | HFC-134a |HFC-152a| HFC-2488 | HFC-388mi HFC-22Tes

Chemical Formula CFCR CCI2F2 CHCIF2 CH3acCCIF2 CCI2FCH3 | CCI2FCF3 | CHF2CH3 | CF3CH2CHF2 [ CFACHZCF2CH3 | CF3CHFCR3
Malecular Weight 137 121 86 100 17 102 56 134 148 177
Boiling Foint, C 24 -22 -41 -10 32 -27 -25 183 40.2 -16.8
Gas Conduciviy (_> 105 8.4 /u_) 143 (1;) (1) 118
miimk at10 C N
Flammable Limi in air, Vol % Mone Mone Mone 6.7-14.9 1.4-8.0 Mane 35159 Mone 3.8-133 Maons
TLY or OEL (USA), ppm 1000 1000 1000 1000 504 1000 1000 N/A N/A 1000
GWP (100yr) 7~ 40007\ 8500 1700 2000 /630 O\ 1300 140 |7 8200\ 840 2000
oDP \_ 10/ 1.0 o011/ 0 0 [\ o J 0 0
Source: TEAF Repor, 2008
Non Fluorinated Blowing Agents

Methylens Chioride | Trans-1,2- lsopeniane Cyclo-peniane n-penians arbon | lscbuiane n-butane Mehiyl Formais Nater

dichicrogthylene Dioxide Ecomaie B Cod

Chemical Formula CHacz CaH2CI2 | CH3CH(CH3)CH2CH3 (CHZ)5 | CH3(CHZ)3CH3 coz C4H10 C4H1D CH3[HCOO) H20
Molecular Weight 248 a7 721 701 721 240 58.1 58.1 60 13
Boiling Foint, C 47 48 28 493 36 139 -11.7 0.5 1.5 100
Gas Conduciviy N/A NIA CD 613 140 145 159 N 107 145
miimk 8t 10 C i
Flammable Limit in air, Vol % Mong 6.7-18 14-76 14-80 14-8.0 Mong 1884 18-85 50-23.0 Mane
TLW or OEL [USA), ppm 3510 100 200 1000 600 610 MiA 800 800 100 Mone
GWP (100yr) NA <25 <25 /<35 <25 1 <25 <25 <25 1
oDF 0 0 0 2/ 0 0 0 0 0 0
Source: TEAF Repor, 2006
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Challenges of HCFC Replacement > Advances in Rigid Foam Technology for Appliances

Closed cell : Thermal conductivity contribution factors

=

VD

ZFoam = ﬂ'gas t Zsolid t }'radiative

Agas = Gases inside foam cells
Asolig = Bulk polymer {215-245 [mW/mK]/[g/cc]}
Aradiative— Radiative processes (10 - 16 [mW/mK]/[mm of cell diameter]}

Developments are focused on Bl. Agent and Radiative factor with cell size reduction
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Challenges of HCFC Replacement > Advances in Rigid Foam Technology for Appliances
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Challenges of HCFC Replacement > Advances in Rigid Foam Technol
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Challenges of HCFC Replacement > Advances in Rigid Foam Technology for Appliances

Response k-FOAM_USA HFC 245fa

Actual by Predicted Plot
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* General rule is: 10 micron reduction in cell size yields 0.001 btu improvement in foam k-factor

« Target needs to be approaching 100 microns hoping to get a k-factor near 0.120 btu

« Maybe as large as 140 micron cells size if consider 100% HFC-245fa
* Issues: Density, Cost, Processing !
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Challenges of HCFC Replacement - Advances in Rigid Foam Technology for Appliances

Modeling
Simulation
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Challenges of HCFC Replacement

Machinery &
Processing

No

v

Initial Foam
Characteristics
Environment,
Energy, Cost

Choosing
Blowing Agent

Cabinet &
Foam

Yes New
Cooling System
Evaporator
Compressor
Cooling System
Add Cost : C8 No
Evaporator
Add Cost : C9
Compressor
Add Cost: C10
Work Concluded

Flammable

Yes

Choosing the preferred Blowing Agent - Diagram

JE—

Plant
Processing

Review Foam
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Cabinet, Doors
W

Cabinet &
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Storage

Processing
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Bulk
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Potential energy saving, %

Challenges of HCFC Replacement - Energy Improvement - Options and Cost

= Potential Energy consumpt. reduction in
Cost per % saving, Euro/%

WI |~
0.0 0.0 0.0 : . l
-0
Cooling gas Cooling gas Compressor Compressor Compressor Compressor Blowing Agent Optimized Blowing Cabinet foam Door foam VIP Door Design
134a isobutane Standard High Very High Variable c-pentane PU System Agent Thickness Thickness
Efficiency Efficiency Speed and blends c-pentane HFC-245fa for each for each
10mm 10mm
increase increase
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Spreasheet for Foam Formulation Comparison - Blowing Agent Options

Challenges of HCFC Replacement-Simulation of Cabinet Costs

BA Costs indicated are only for calculation and do not reflect exactly the market prices {Ckeck prices locally - It could change drastically your analysis)

Blowing Agent Oplons HCFC 141b H20 Cyd. Pent Combinason Combinason | HFC 1343 [ HFC 2453 | HFC 245@ | ko

of Bl. Angent of bl.agent LISA China But
Re CP/isoB (80420) | CP/IsoP(75/25)

Lambd

3“';'r A 3.3 0.1 27 25 2.60 7 8.4 4.5 17

MDI C::'.: 25 25 25 25 25 25 25 25

oam Cost per Fridge

Foam Melded Density, kgim3 35 40 4.5 33 34 32 32 a2

Volume to be filled, I|t&|s 150 150 150 150 150 150 150 150

Foam Weight per cabine, g 5250 oo 5175 4950 5100 4300 4800 4300

Foam Formulaion

Folyo 100 100 100 100 100 100 100 100

Blowing Agen 35 b 14.5 14.5 145 22 25 30

MDI 149 160 144 135 144 138 144 144

Tola 275 265 2585 2495 2585 260 269 274

Cost per Foam component, per cabing

Palyo 477 5.89 521 516 493 4.80 464 4.55

Blowing Agen 21 0.00 0.78 0.72 0.74 284 379 2.36

MDI 6.68 9.06 i 6.70 710 6.37 6.42 .31

Total Cost of Foam per cabinet, USS 13.66 14.94 13.20 12.57 12.78 14.01 14.86 13.23

Cost difierences compared 1o Reference -1.28 (.46 1.09 .83 -0.35 -1.20 0.43

Uniis produced per year Modeal X 500000 500000 500000 500000 500000 500000 500000 500000

Cost Saving (+ ) or Losses { - ), US$ per year -42401.42 | 231897.97 54307433 440469.05 ) -176381.12 | -5O7736.57 | 216634.04

Lengend:

In Fad: inguithe s

In black: the spreadsheet calculates
In Green: Use HCFC 141b as Reference

— For Cahinet Re-design increase volume for modified cabinets
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Challenges of HCFC Replacement-Simulation of Foam Cost vs Blowing Agent

Simulation - HCFC 141b Replacement - Brazil, China, India
MUS$ Annual Gains(+) or Losses(-) = 500M Units/Y

800000

600000

400000 @

200000 —

0 I I I I
HCFC Wdter| C-pentane CP/isob C-isop HFCL34a HFC245{a HFC245fa

-200000 :
141b us China

-400000

-600000

-800000

Protocol:
Foam = HCFC141b, 35 kg/m3 and lambda 18.5-19.5 mW/mK @ 24C

Successfully
Implemented:
Europe
India, China

Cabinet with 35 mm thickness
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Challenges of HCFC Replacement-Simulation of Cabinet Costs

Spreasheet for Foam Formulation Comparison - Blowing Agent Options

BA Costs indicated are only for calculation and do not reflect exactly the market prices (Ckeck prices locally - It could change drastically your analysis)

Blowing Agent Cpdons HCFC 141k H2C Cydl. Pent Combinaton Combinagion HFC 1343 HFC 2468 | HFC 245@ | s
of Bl. Angent of bl.agent UsA China But
Fiafarance CFifi=oB (80F20) | CP/lsoP(TH25)

Lambda 35

aw Mas

E“f 3.3 0. 27 2.5 2,60 7 8.5 4.5 1.7
MDI Cost, USS/kg 25 2.5 2.5 25 2.5 2.5 2.5 2.5
Foam Cost per Fridge
Foam Mclded Densily, kg/m3 34 4] 4.5 33 i 32 32 32
Volume to be filled, liters 150 150 150 150 150 150 150 150
Foam Weight per cabing, g 2100 G000 175 4950 5100 4500 4500 4500
Foam Formuladon
Folyo 100 130 100 100 100 130 100 100
Blowing Agen 35 5 14.5 14.5 145 22 25 30
MDI 143 160 144 135 144 138 144 144

oia 275 265 258.5 249.5 258.5 260 269 274
Cost per Foam component, per cabinet
Folyo 4.64 5.89 521 516 493 4.40 4.64 455
Blowing Age 214 .00 n.78 n.72 0.74 2.84 379 2.36
MDI .49 9.06 7 6.70 710 .37 .42 .31
Total Cost of Foam per cabinet, USS 13.27 14.94 13.20 12.57 12.78 1401 14.86 13.23
Cost difierences compared fo Reference -1.68 0.07 0.70 0.49 -0.74 -1.59 0.04
Unitz produced per year Model X 500000 500000 500000 500000 500000 500000 500000 500000
Cost Saving (+ ) or Losses (- ), USE per year 33762779 | 36761.61 47937.97 24533269 -371517.48 | -7T92872.03 | 21497.68

Lengend:

In Bed: inouite

In black: the spreadsheet calculates
In Green: Use HCFC 141D as Reference

— | For Cahinet Re-design increase volume for modified cabinets
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Challenges of HCFC Replacement-Simulation of Foam Cost vs Blowing Agent

Simulation - HCFC 141b Replacement - Andean Countires & Mexico

MUS$ Annual Gains (+) and Losses in Foam = 500M units/Y

600000

400000
200000

0

HCFC 141b Wi, C-pentane CPlisob C-isop HFC HFC245fa

China

-200000

-400000

-600000

-800000

-1000000

Protocol:
Foam = HCFC141b, 34 ka/m3 and lambda 18.0-19.0 mW/mK @ 24C

Cabinet with 35 mm thickness
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Challenges of HCFC Replacement- Simulation — Incremental Cost per Cabinet vs Options

Simulations - Incremental Cost per Cabinet vs Options

Compressor, 10% + Efficient

Cooling System

Foam thickness, 10mm

Options

Plant Modification HC, 3 years

Tooling Cabinet Redesign, 3years

HFC 245fa USA Price | I

0 1 2 3 4 5 6 7 8
USs$

Additional Cost per cahinet - 5000 UnitsY
Additional for Cabinet Re-Design
Tool PU Mald Plug = 75M USS each 200 1500000 -
Tool PU Mold Doors = 75M USS each 10] 1500000 Plant Modification to Hydrocarbons
Tool Plastic Liner Thermoform = 1000 each 2 200000 .
Tool Plastic Door small & Big Thermoform = 800 each 2 160000 From 0.8 — 3.5 MM US dependmg
Total 3360000 on the size
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Conclusion

* HCFCs Elimination is a Very Difficult Task Apart From all Technology Advances

* HCFC Elimination by HFC 24fa — Favorable for Energy Efficiency, Non Flammable, High Cost, High GWP
Additional costs - Predominantly in Cabinets
- Less in Machinery & Processing
Cost in cabinets - Remain until the cabinet model is produced, limited payback
Investment - Low in Machinery, High in Raw Material (High cost of Blowing Agent)

* HCFC Elimination by Hydrocarbons - Favorable to the Environment, Medium for Energy, Very Low GWP
Additional costs - Predominantly in Machinery & Plant Processing
- Less in Cabinets
-Cost in cabinets — Depending on the re-design
Investment - High in Machinery & Plant Processing with Payback,
- Low in Raw Material (Low cost of Blowing Agent)

* Other Options — To be evaluated case by case
Blends of HC/HCFC can be an option for China where HFC245fa has lower price
Higher water blown content with other blowing agents will depend on applied molded density and
Energy Efficiency requirements

*Modeling, Simulations and Formulation Science are great help for Bl. Agent comparison before final decision is
taken
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Challenges of HCFC Replacement - Energy Improvement - Options and Cost

Freezer door 6%

Seals & accessories and
others 19.6%

a 4%

Full foamed cabinet 24%
Plastic for accessories 4.3%

ondensor/evaporato 4%

ompressor/condensor 20% Compressor 23.2%

A ri 18%
ccessories 18% PU Foam 12.2%

Packagin 4% er Material 9.6%

0,
Fixed cost 10% Metal 14.3%
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Conversion Cost to Hydrocarbon - Estimation

Conversion Cost to Hydrocarbons US$
Storage 100000
Ventilation 80000
Safety Control - Cabinets 35000
White Book 22000
Safety Report 15000
Pre-Mix Polyol + Hydrocarbon 150000
PU Machine + Mixing Head 300000
Civil Construction

Engineering

Man Power

Total 702000
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